As orthopaedic surgeons continue their quest for ways to increase the success rate of anterior cruciate ligament (ACL) reconstruction, the use of an adjunctive lateral extra-articular procedure is enjoying a renaissance. A 2018 survey of members of the American Orthopaedic Society for Sports Medicine found that 38% of respondents used some type of adjunctive lateral reconstruction for selected cases, although the exact percentage may be quite different given the low response rate to the survey. 34 Before intra-articular ACL reconstruction (ACLR) became standard, extra-articular reconstructions were often proposed as stand-alone treatments for posttraumatic knee instability in athletes. When ACLR went mainstream, extra-articular techniques initially persisted as adjunctive procedures. 4 As confidence in the efficacy of intra-articular ACLR increased, surgeons began to question the necessity of such augmentation, 24, 25 and the practice was largely abandoned in North America and many other parts of the world. Much like the monks who preserved ancient literature during the middle ages, some surgeons continued to employ the extra-articular augmentation, whether routinely 22 or for challenging cases such as revisions. 5 A 2013 paper by Claes and colleagues 3 in the Journal of Anatomy is often credited with reviving interest in the role of the lateral knee structures in backing up the ACL and, in particular, resisting abnormal internal rotation of the tibia. These authors focused attention on a ''pearly, resistant fibrous band,'' as described in the 19th century by Paul Segond in conjunction with his eponymous tibial avulsion fracture, which they called the anterolateral ligament (ALL). Since then, considerable disagreement has ensued around the anatomic and biomechanical importance of the ALL. Some authors have characterized the ALL as just one component of an anterolateral capsular complex. 10, 13 Others have stressed the role of the deep fibers of the iliotibial tract, which possesses both femoral and tibial attachments. These are often eponymously referred to as Kaplan fibers, after the American anatomist Emanuel Kaplan. 9,10,18 A consensus meeting designed to thrash out these controversies was able to produce agreement on 13 statements regarding the ''anterolateral complex.'' 10 Renewed interest in lateral extra-articular augmentation has sparked a consequent resurgence in biomechanical investigations. Recent publications have used 21st-century technology to supplement studies from the 1990s. 9, 12, 16, 17, 19, 20, 23, 31, 32 Back then, Engebretsen and colleagues 8 showed that an iliotibial band tenodesis fixed at 30°of flexion could reduce force in an ACL graft but constrained normal tibial internal rotation. Samuelson et al 27 demonstrated that sectioning the anterolateral knee capsule increased abnormal anterior displacement and internal rotation compared with isolated ACL transection and that intra-articular ACLR alone could not restore normal knee laxity. They found that an iliotibial band tenodesis fixed at 30°could eliminate the remaining deficit, although too much tension would again overconstrain internal rotation.
The recent spate of biomechanical investigations has illustrated how the details of the surgical techniques and testing parameters employed can lead to varied results. In a 2016 publication, Inderhaug et al 17 again showed that intra-articular ACLR alone would not reestablish normal kinematics after combined ACL and anterolateral injury. Subsequent testing of 4 different grafts fixed at 30°of knee flexion revealed that 2 different tenodesis techniques restored normal kinematics, while ALL reconstruction failed to reestablish normal rotation and a third tenodesis technique overconstrained it. 17 The following year, the same authors carried out a similar experiment in which they tried tensioning the graft at various flexion angles. 16 This time, they reported that the ALL reconstruction could restore normal kinematics if tensioned at full extension, whereas a modified Lemaire tenodesis restored normal kinematics whether tensioned at 0°, 30°, or 60°of flexion. In other recent studies, Nitri et al 23 demonstrated that an ACLR alone could not restore normal laxity following a combined ACL and ALL injury, whereas the addition of a singlestrand ALL reconstruction tensioned at 75°restored kinematic behavior to a normal range, while Katakura et al 19 showed that the ability of an ''anterolateral structure reconstruction'' to restore normal laxity depended upon the femoral attachment site chosen for fixation. Systematic reviews 6,14 published in 2015 and 2017 found that adjunctive lateral extra-articular procedures could reduce the pivot shift but were inconclusive as to whether they provided any clinical benefit. Recent clinical publications have included long-term follow-ups from centers that have been performing extra-articular augmentation for decades, shorter case series, retrospective comparisons, and randomized trials. In 2017, Zaffagnini and colleagues 37 from the Rizzoli Institute reported the minimum 20-year follow-up of a technique that uses Keywords: anterior cruciate ligament; anterolateral ligament; anterolateral capsular complex; Lemaire tenodesis; Mac-Intosh procedure; Kaplan fibers autogenous hamstring tendons placed ''over-the-top'' for both intra-and extra-articular components of the reconstruction. Although there was a decline from the 10-year mean Lysholm score of 96.1 to 85.7, only 1 rerupture was noted among 52 cases. A 2019 case series of 60 adolescents who received a 4-stranded hamstring ACL graft combined with a modified MacIntosh extra-articular tenodesis documented a return to a high activity level with a 5.3% failure rate 38 months after surgery. 35 In still another case series, the Scientific ACL Network International (SANTI) Study Group reported the outcomes of a 4-stranded hamstring graft combined with a 2-armed reconstruction of the ALL. 33 Their patients averaged 24 years old (range, 11-55) and were selected according to anatomic-or activityrelated factors that might predispose to an elevated rate of failure. At an average of 35 months after surgery, graft revision had been carried out in 14 of 548 knees.
The SANTI group has also published comparative studies of its combined ACL1ALL technique. In one, 29 it focused on the survival of meniscal repairs done in conjunction with an ACLR. Mean 3-year follow-up was again reported, this time in 194 patients who had an isolated ACL graft and 189 who were selected, because of factors thought to increase their risk of failure, to receive an adjunctive ALL reconstruction. Although the 2 groups had similar Lysholm scores and laxity measurements, the meniscal repairs in the ACL1ALL group had a 91.2% survival compared with 83.8% in the isolated ACLR group. Another SANTI study, 30 this time prospective, compared 281 patients who had an isolated patellar tendon or hamstring ACLR with 221 chosen to receive an intra-articular hamstring graft and an adjunctive ALL reconstruction. After a mean 3 years, 10.8% of the isolated hamstring grafts had failed, compared with 16.8% for the isolated patellar tendon grafts and 4.1% for the ACL1ALL combination. Once age, sex, and preoperative laxity were taken into account, the hazard ratio for graft failure for the combined procedure was 0.327 (95% CI, 0.130-0.758) compared with the isolated hamstring technique and 0.393 (95% CI, 0.153-0.853) for the isolated patellar tendon reconstruction. Echoing the SANTI findings, a 2019 retrospective study from Korea that was limited to revision reconstructions reported better final outcome scores, more frequent return to the prior level of sports activity, and a lower prevalence of residual pivot-shift phenomena when an ACLR was augmented with a single-strand gracilis ALL reconstruction. 21 Several relevant randomized clinical trials (RCTs) can be found in the orthopaedic literature, extending at least as far back as 2001. That year, Anderson and colleagues 2 reported the 3-year results of a trial that randomized 102 patients into 3 treatment groups: an isolated patellar tendon reconstruction, an isolated hamstring reconstruction, and an intra-articular hamstring graft combined with a Losee lateral extra-articular tenodesis (LET). They found that the patellar tendon technique restored objective laxity the best of the 3 procedures, with no apparent benefit from the addition of the lateral tenodesis. The 2003 trial of Acquitter et al 1 randomized 100 patients with chronic ACL injuries to either isolated patellar tendon ACL reconstruction or augmentation with a quadriceps tendon lateral extra-articular plasty. No advantage was found for the addition of the lateral procedure. In 2006 Zaffagnini et al 36 published the 5-year results of a trial in which the patients were randomized into 3 groups very similar to those of Anderson et al, except the extra-articular technique chosen was the over-the-top routing of hamstring tendons in use at the Rizzoli Institute. In this trial, the patients who received the combined procedure had the best IKDC (International Knee Documentation Committee) subjective scores and returned to sports sooner. In 2017, Ibrahim and colleagues 15 reported a trial in which 110 patients with high-grade pivot shifts were allocated by birthdates to receive semitendinosus ACLR with or without the addition of a gracilis ALL reconstruction. The authors found no obvious superiority for the combined procedure other than a mean 0.5-mm advantage in instrumented laxity testing and concluded that the adjunctive ALL reconstruction should not be performed routinely in patients undergoing ACLR.
In this month's American Journal of Sports Medicine, Getgood and his colleagues 11 from the STABILITY Study Group share with us the initial results of their large RCT comparing 4-strand hamstring ACLR with and without the addition of a modified Lemaire LET. They chose this extra-articular technique based on the findings of a biomechanical study from the senior author's laboratory. 31 For this ambitious undertaking, the authors organized 7 Canadian and 2 European centers to recruit the large number of participants required to provide adequate power for determining whether the adjunctive LET can reduce the prevalence of clinical failure in a high-risk group.
To focus their study on patients with a higher risk of failure, the authors first restricted recruitment to individuals 14 to 25 years old. They then required the candidates to meet at least 2 of the following 3 additional criteria: (1) pivot-shift grade 2 or greater, (2) a desire to return to highrisk or pivoting sports, and (3) generalized ligamentous laxity, defined as a Beighton score of 4 or more. An impressive 618 patients were enrolled, divided almost evenly between males and females, with 589 of them ultimately completing the study.
In order to reduce the effect of possible confounders, block randomization-stratified by surgeon, sex, and meniscal repair-was carried out after the initial diagnostic arthroscopy. The primary outcome measure was clinical failure, stringently defined as recurrence of a pivot shift or frank graft rupture. Thanks to its high retention rate, the study exceeded the 255 patients per group deemed necessary to detect a 40% reduction in the clinical failure rate.
Because the authors chose a stricter definition of failure than most ACL studies, it is not surprising that the failure rate at 2 years was high: 40% among the patients who underwent an isolated ACLR and 25% among those undergoing ACLR1LET. The resulting relative risk ratio (RRR) between the groups was 0.38 (95% CI, 0.21-0.52), producing a number needed to treat (NNT) of 6.7. In other words, the results predicted that 1 clinical failure, by this strict definition, could be avoided for every 7 cases who received an ACLR1LET in lieu of an isolated ACLR. When clinical failure was defined by the more common criterion of graft rupture, 11% of the ACLR group failed compared with 4% of the ACLR1LET group. This translates into an RRR of 0.67 (95% CI, 0.36-0.83) and NNT of 14.3.
The downside of the adjunctive LET was a mild negative effect on the early postoperative recovery. Patients in the isolated ACLR group had less pain and better outcome scores in the first 3 to 6 months and a slightly faster return to sport. These differences were smaller than the minimal clinically important differences established for their respective scores and resolved when the patients were reevaluated at the 12-and 24-month marks. Eleven patients who underwent ACLR1LET and 4 who underwent ACLR reported hardware-related pain sufficient to request removal of their implants.
One potential concern about the clinical use of lateral extra-articular adjunctive reconstruction has been the potential for inducing degenerative changes over time, especially with techniques that might overconstrain knee kinematics. The follow-up in this first report of the STABILITY Study Group is too short to address this issue. A 2010 study from Lyon with nearly 25-year follow-up of a patellar tendon reconstruction and adjunctive lateral tenodesis declared that the onset of osteoarthritis correlated with medial meniscus status and femoral chondral defects noted at the time of surgery, as might be expected. 26 A 2017 systematic review focused specifically on the occurrence of secondary osteoarthritis following lateral extra-articular tenodesis (LEAT). 7 After analyzing 8 studies with 5-to 10-year follow-up or greater, the authors concluded that ''the best available evidence would suggest that the addition of a LEAT to ACLR does not result in an [increased] rate of osteoarthritis in the knee.'' 7(p1149) As with any study, the results of the STABILITY trial are most pertinent to the participants and methods involved in the investigation, a point the authors emphasize in their discussion. They intentionally focused on a young and active demographic, so the differences they observed might not be detectable in an older or more sedentary population. Similarly, their results with a singlebundle hamstring autograft and modified Lemaire extra-articular tenodesis might not be replicated with other surgical techniques.
The RCT of Getgood et al 11 provides convincing testimony for the ability of the combined reconstruction to reduce the risk of early failure, at least in individuals identified by their selection criteria and using the surgical techniques they chose. To invoke the paraphrase of Einstein, an isolated hamstring ACLR might be too simple a solution for these selected patients. As with any single study, replication of the results by others would be even more powerful evidence. Additional trials, whether in progress 28 or planned, should tell us whether this holds true for other lateral extra-articular procedures and in different types of patients. Longer follow-up will also reveal whether this advantage is maintained over time and whether there is any increased risk of degenerative change associated with the adjunctive procedures.
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